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antibodies bind to an epitope with residues 1-25 of A0. Some monoclonal antibodies bind to 
g\ epitope within amino acids 1-5, 5-10, 10-15, 15-20, 25-30, 10-20, 20-30, or 10-25 of A0. 

Prophylactic and therapeutic efficacy of antibodies can be tested using the transgenic animal 
model procedures described in the Examples. 
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IN THE CLAIMS- 



deposit comori 



^ A mMhod of preventing or treating a disease characterized by amyloid 



deposit comprising Ap peptide, the method comprising administering a polynucleotide encoding 
Qts at least one antibody chain to ffle patient in an effective regime whereby the polynucleotide is 

expressed to produce the antibody^chain and the antibody chain reduces levels of Ap in the biain 
of the patient. 



REMARKS 

Claims 33 and 34 are under consideration. Claim 33 has been amended so thai it 
no longer depends from a canceled base claim. The amendment to claim 33 adds no new matter. 

To correct an obvious typographical error, the specification has been amended by 
replacing the paragraph beginning at line 25 of page 14 with a replacement paragraph. The 
paragraph was replaced to amend "20, 30" to "20-30." 

Priority 

Applicant submits herewith a Supplemental Application Data Sheet (ADS). The 
priority claim made in the Supplemental ADS entitles the instant application to an effective fi: ing 
date of December 2, 1997. 

Information Disclosure Statement 
Applicant will submit a Supplemental Information Disclosure Statement, along 
with all of the references oited therein, for the instant application. This submission will rectify 
any outstanding issues concerning the IDS in the instant application, 
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Claim Objections 

Claims 33-34 are objected to for depending from a canceled base claim. Claii a 33 
has been amended to no longer depend from a canceled base claim, Thus, the claim objections 
have been mooted, 

Claim Rejections 
Written Description Reje ction of Claims *IA* 

Claims 33-34 are rejected under 35 U.S.C. § 1 12, first paragraph, as allegedly 
containing subject matter which was not described in the specification in such a way as to 
reasonably convey to one skilled in the relevant art that the inventor(s), at the time the 
application was filed, had possession of the olaimed invention. The Office Action alleges the 
written description requirement is not met because "[t]he specification fails to disclose any 
nucleic acid or amino acid sequences. In particular, no sequences which specifically encode 
either the heavy or light chains of an antibody which would specifically bind to an amyloid 
deposit." (See page 4, 12 of the Office Action.) Applicant respectfully traverses. 

The PTO's Guidelines for application of the written description requirement 
explicitly recognize that a class of antibodies can be defined in functional terms without 
providing sequence data. That is a claim to "[a]n isolated antibody capable of binding to antijjen 
X," meets the guidelines notwithstanding lack of any sequence data for the antibody. The 
functional definition of an antibody is sufficient because of "the routine art-recognized method of 
making antibodies to fully characterized antigens, the well defined structural characteristics for 
the five classes of antibody, the functional characteristics of antibody binding, and the fact that 
the antibody technology is well developed and mature." See Example 6 of the Synopsis of 
Application of Written Description Guidelines. 

The cases cited by the Examiner are distinguished from the present facts. The 
Vas-Cath case arose in the typical context of dtennming new matter. Specifically, the issue was 
whether drawings of a catheter in a design application provided written description of claims that 
appeared in a utility application claiming priority to the design application. However, here the 
Examiner's rejection is applied to originally filed claims and no issue of new matter has been 
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raised, 1 Vas-Cath does not address what written description is required for originally filed 
claims. 

Hie Fiers, Aragen, and Fiddes cases address written description in situations in 
which the invention lies in cloning a nucleic acid encoding a particular protein, such as humai 
EPO or FGF for the first time. In circumstances in which the invention Hes in cloning a gene 
is perhaps not unreasonable that a newly isolated gene cannot be described without (ietermini lg 
its sequence. By contrast, in the present claims, the invention Ues not in the de novo isolation 
a new gene, such as EPO, but rather in the use of nucleic acids encoding a class of antibodies to 
well characterized antigen (A0) for a particular purpose (i.e, treating an amyloidogenic disease 
characterized by deposits of Aft. In such an invention, it is submitted that written description is 
provided by the recital of a well characterized antigen (A/3), the well known conserved features 
of antibodies, and the mature states of the art as provided in the Guidelines. 

For these reasons, withdrawal of the rejection is respectfully requested. 

Lack Of Enablement Rejer.t bn of Claima 

Claims 33-34 are rejected under 35 U.S.C. § 1 12, first paragraph, for alleged lajck 
of enablement. The rejection is based on several grounds that will be addressed in turn. 

First, the Examiner cites Peterson as evidencing difficulties in antibodies foldijig 
in bacteria. However, the present claims are directed to expression of antibodies in a patient, 
in bacteria. Bacteria do not naturally produce antibodies, so difficulties in folding can be 
expected from the unnatural environment in which folding occurs in bacteria, These difficult! 
would not be expected to apply to patients in which immunoglobulins are naturally expressed 
and properly folded. 

Second, the Examiner says the specification does not exemplify particular nucllic 
acids or expression methods. However, the specification does exemplify several antibodies tint 
bind to Afi (see Table 13, p. 77). Further, in view of the weD^haracterized state and commercial 
availability of Aft it would be a routine matter to produce additional antibodies to A/3 (see 
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routine matter to determine the sequence of nucleic acids encoding the antibody chains. Printers 
for amplifying flanking sequences of antibody variable regions are well known (see e.g., Huse, in 
Antibody Engineering, (Freeman 1992), Ch. 5), and it is a routine matter to amplify the nucleic 
acids using such primers, and then sequence the nucleic acids. With respect to means of 
expression, the Examiner's attention is directed to pp., 25-26 which discusses a number of we ll 
known regulatory elements and delivery vectors that can be used. 

Third, the Examiner says the claims encompass treatment of any disease 
associated with amyloid deposit whereas the specification discloses antibodies capable of 
binding Aff and which may be useful in decreasing amyloid burden in the brain. In response, the 
claims have been amended to expedite prosecution to focus on antibodies binding to A/5 as 
shown in the Examples of me application. However, it is noted the in fact the specification does 
disclose that the principles exemplified for treatment of diseases characterized by A0 deposits 
also apply to other amyloidogenic disease (see p. 23, lines 17-24). 

Fourth, the Examiner faults the specification for not showing improvements in 
clinical and neuropsychological manifestations of Alzheimer's disease as discussed by Morris, 
However, the specification shows reduction of A/5 depositions in the brains of transgenic mico 
treated with anti-A/5 antibodies (see Example XI); and, a correlation has been shown between! 
reduction in A/3 deposits and an increase in cognitive performance in transgenic mice. 
Transgenic mice vaccinated with A/? showed improved cognitive performance when compare^ to 
control transgenic mice, and ultimately performed as well as noniransgeneic mice. The A/5 
vaccinated mice also had a partial reduction in amyloid burden at 1he end of the study. (See 
Morgan et al, Nature, 408, pp 982-985; and, Janus et aL, Nature, 498, pp 979-982, attached 
hereto.) 

Lastly, Applicant respectfully points out that Morris in fact states that diagnoses 
based on neuropsychological measures "must await wnfirmation by longitudinal observations 
and, ultimately by histopathologic examination" (see p. 1 163, second column). Thus, according 
to Morris, the histopathologic evidence provided in the" present examples is a more definitive 
indicator of Alzheimer's disease than neuropsychological measures. 

For all these reasons, it is submitted that the rejection should be withdrawn. 
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Rejection Of Claims 33.34 T fa der 35 U.S.C S 1 1 2. Second Paraph 

A. Claims 33-34 are rejected under 35 U.S.C. § 1 12, second paragraph, as lacking 
antecedent basis for the limitations "the antibody" and "the patient." 

As discussed above, claim 33 has been amended so that it no longer depends f urn 
canceled claim 1. Claim 33 as amended provides sufficient antecedent basis for "the antibody 
and "the patient" and, thus mooting the rejection under 35 U.S.C. § 1 12, second paragraph. 

B. Claims 33-34 are rejected under 35 U.S.C. § 1 12, second paragraph, as allegedly being 
incomplete for omitting essential structural cooperative relationships of elements, sue? as 
omission amounting to a gap between the necessary structural connections. The allegld 
structural cooperative relationships are the particular nucleic acids and means of 
expression. 

The issue of omitted essential elements is addressed by MPEP 2172.01, which has 
two clauses. The first clause states that a "claim which omits matter disclosed to be essential to 
the invention as described in the specification or other statements of record may be rejected 
under 35 U.S.C. 1 12, first paragraph, as not enabling." The second clause states that a "claim 
which fails to interrelate essential elements of the invention as defined by the applicant(s) in tie 
specification may be rejected under 35 U.S.C. 112, second paragraph," 

Here, the Examiner has not indicated any difficulty in understanding the 
relationship is between existing claim elements or how the alleged omitted elements would 
clarify this relationship. Rather, the Examiner appears to be requiring that applicants insert new 
dements into the claim. As such, the rejection has been made under 1 12, first paragraph rather 
than second paragraph. 

More importantly, in both clauses of MPEP 2172.01 "essential elements" of th«! 
invention are those defined as such in the specification or from other statements of record. Here, 
the specification does not define any specific nucleic acid as being essential. Also, the 
specification does not define any expression system as being essential but rather describes a 
number of different expression systems. Because neither a particular nucleic acid or a particu] ar 
expression system is defined as being essential MPEP 2172.01 does not require that any of thjise 
methods, r their component steps be recited in the claims. 
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In view of the foregoing, Applicants believe all claims now pending in this 



Application are in condition for allowance. The issuance of a formal Notice of Allowance 
early date is respectfully requested. 



If the Examiner believes a telephone conference would expedite prosecution of 



this application, please telephone the undersigned at 650-326-2400. 



TOWNSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, 8 th Floor 

San Francisco, California 94 1 1 1-3834 

Tel: 650-326-2400 

Fax; (650) 326-2422 

RLC;rlc 

PA 3282126 v3 




Rosemarie L. Celli 
Reg. No. 42,397 
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VERSION WI TH MARKING TO SHOW CHANGES MAIM 
IN THE SPECTETP ATTrttfr 

Please replace the paragraph beginning at line 25 of page 14 with the following 
replacement paragraph. 

Polyclonal sera typically contain mixed populations of antibodies binding to 
several epitopes along the length of A£ Monoclonal antibodies bind to a specific epitope wiijhin 
A/S that can be a conformational ox nonconfbrmational epitope. Some monoclonal antibodies 
bind to an epitope within residues 1-28 of Afi (with the first N terminal residue of natural A£ 
designated 1). Some monoclonal antibodies bind to an epitope with residues 1-10 of A/3. Some 
monoclonal antibodies bind to an epitope with residues 1-16 of Aj8. Some monoclonal 
antibodies bind to an epitope with residues 1-25 of A/3. Some monoclonal antibodies bind to bn 
epitope within amino acids 1-5, 5-10, 10-15, 15-20, 25-30, 10-20, 20^026^, or 10-25 of A£ 
Prophylactic and therapeutic efficaoy of antibodies can be tested using the transgenic animal 
model procedures described in the Examples. 

IN THE CLAIMS: 

33. [The method of claim 1, 1A method of preventing nr treating a disease 
characterized by amyloid deposit comprising Ap p eptide, the method comprising [w herein the 
antibody is administered by] administering a polynucleotide encoding at least one antibody cbjain 
to the patient isjnjjffective regimef, wherein] whereby the polynucleotide is expressed to 
produce the antibody chain and the antibod y chain reduces levels of Ap in the hrair, *f [in] the 
patient. 
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JsfiincUon in murine model* f Alzheimer's Lease would 

to the pathogenesis of Alaneimert disease, and would eneouM*t 
the dement of other strategies directed at^ \m3 
Here we show that A0 imnmniation KiceTtSh 
deposition of cerebral fibrillar Ap and c3« d?SS«m £ 

that cxther a -50% reduction in cWcored jk pi™ is 
«rffic^ a^ cognition, or that v^tionXy mS c 
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* behavioural consequences of A0 immunization, 

we used the TgCRNDS murine model of AMeiierHisSS 
presses a mutant (K670N/M671L and V717F) huW BAPP^ 
transgene under the regulation of the Syrian hajnsterprion m£ 
moteronaOH^strain background O^cSSSiShK 
preparatton). TgCRNDS mice have spatial learning deficfts at 
, v., ? ^ are accoit1 Panied by both marc&ag levels f 
sps-solublc A$ I and increasing numbers of A^^tafeW amyloid 
plaques in the brain. Age- and sex-matched Tgffl>8 mice and 
non-Tg httermatcs in three cohorts were vaccinated it 6, 8, 12, 16 
and 20 weeks with either Ap« or isfet-assodatedl oolvoentidfi 
dAPP), which has similar bi^hy^rSe^^^ 
associated with a non-ccntral nervous system (CNsJarnyioidosis. 
Soth immunogens were in p-pleated-shect coiuornjation at the 
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Mudievidcnce indicates that abnormal processing and extracel- 
i J? 05 ^ 11 ^ ff^^P P«Ptide (AP), a proteolytic deriva- 
tive of the p -amyloid precursai protdn (PAPP), is central to the 
pathogenesis f Alzheimer's disease (reviewed In ref. 1). In the 
PDAPP transgenic mouse model of Alzheimer's disease, immuni- 

reduce in bnrden of the bram 
amjtoid w . Evidence that Ap immunization also reduces cognitive 
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^Zfl^° D aml wduced detectable antibody litres in 
aU nteby 1 3 weeks of ^ (as measured by enzymeWd iron" 
noabsorbcnt a^ay (BLISA) using fibrillar forms of the 
rawunogen). These titrcs increased by a further -2-3-fold It 
JES^SS" S" ^ APa^mmunted ■** (mean I S»? 
I?585 « ± 1,712 at 23 wU« 1APP S 

m] WPWmmunued hrice 13,833 i 1,167 at 13 3 Wu 5? 

^IL^Jl^ ; ? e *i ra *°m Ap-immnnizcd^ce taensejy 
decorated extracellular, dense-cored plaque deposits when applied 

TguKNDo mice containing abundant amyloid pkouea fwhkh 
pr^ninantly display Ap in a P - 8 hcet XrSS) * to 
forrnic-add-tieated sections (which also display additional non- 
P-she.tAP-eptepe,) (Fig. 1). Hewer, th^^alZ 
^dyvrfth diffuse, non-fibriUar AP deposits, which can be readily 
detected in these tissues by antkip monoclonal antibodies such as 




nSI£lrfv 1W- ^W-*™*** sera did not stain normal 
? n T™ ^"activity with PAPB howS 

did not jtein any structures. Together, these data iiSetart b tf£ 

cotSrnSt^ ^ Prin,arily a P-aheS 

JJl^^Jf* 5 * lon S iQJ <Wty in a refericc memory 
veraon of the Morris water maze test at n, IS, wind 23weeb 
(Rg. 2). At each age of testing, the hidden platform wis placcdh^ 
different quadrant of the pooL These date were analysed for *J 
P^od using a mixed model anatysis (oTvSanS 

W^NDS versus non-Tg) as a between-subject feck Ind agV 

£2SL ( fr r' 19 ^ 2 W asa «*in^bS factor. £ 
longitndinaJ design and mode of analysis, which simulates lone- 

SSr^T 1 ^ J** ' reve5 ^ that AplinSnSS 
£?^^ perWd WeanOy better thTWfaW 
^ ™« <P<0.05), with 31% of the 

vmancebeing due to the effects of the immnnogen. CveuS 
nnprovoment was partri-thc Ap„.irnmnnizcd TgCRNDS mice 
did not perform as well as their non-Tg littermates (P<Q 01) 
n^.^ «^«tal design involved testing ofnkive mice at 
of age, follow^ ^ 19an d 
23 weeks, an additional analysis carried out on the isvcrsal teste 
confirmed improved performance fox the Ap-immuniW Ta mice 

■ £ *** P 1 "* of t«ting <* welL TheavSl conclu- 
aonthat A0« ^munizatton luneliorate, the cognittfc deficit of 
TgCRNDS nnce was robust, regardless of whether ihe analysis 
assessed latency to reach the hidden platform or swim path length 
(a measure that u less sensitive to swim speed and floattpg 5 )!^ 

Tnc improved performance of Af^- immunised TgCRNDS mice 
was not due to a nonspecific effect of immunisation or to an effect 
on other behavioural, motor, or perceptual uteres. Cm trd studies 
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F&ura 2 Rstorenoe memory version of Morris water maza test in TeCRNDB mice. At 
iiw^*age,nen^miinWTa^^ 
reaws a non-Tg conws (n= S) (a), whkh is similar bftat of WPPHmmuntefl 
TBWJ8 ml» (b, isfi), wheroaa 8b parfcrmanoe of A^ r fmmuntet) TgQRNDS 
mice (n = 9) (d, rtgW) approaches that d non-Tg linennsiBs(ff=lg).Atl5 (ttaiwig 
(H Meexs of ago, the lAPNrnnwized TgCRNDS mice <p = 6) feft) were Impaired 
compared with non-Tg nTtermatfis (P<001, «* -58%; /j™15), but ware re* 
slanlflcartly different from the AfcHmrminSefl TgCfMM mice (n- 6) (rioM At 

S^^" i T ntodTflCwm8mto<ft= ^^^wresisnlncantV 
Impaired relate to both non-TB mtBrmaies(n»i5:P<0^i,c^ B 65WandAB«- 
tonWTT 5 Wr«8mice(ft a B ! P<o,01)(»,rtgi«.VBr8fialbanr^ 
text and Supplementary Information for statistical analyses. 
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Behavioural teste and data analysts 

I^S^i^' maw httdKn g and general teattag P»*d«r« havcbcm 
described ^rfhw the first ^tial kjfftina ^ at 11 vk4* aO mke underwent noa- 
^tkl pre-^uueg (NSP) to OKiH swimmin^MKtics and to ***** mi* to the tcU" 
2* s W™n*ry IafcrrnaUon). TWo days after the NSP phase, aD mice andemnt a 

thsp^^^wuhfeurtHaUpef^AftEr^lott tiki of^thepEwi 
"TOOvrtr^nMpooJandeaAn^^ 

% of tunc in otter «ne (tor the pool walfc (tad % of SmcapdpiStoewfaqnBdnmtof 
Je pool were raided using an online HVS fewge video tr^£^t£ 
SupplanEntny Information). ^^^^^ w 

^»fcl™betdaKnn*ttfl^^ 
rmrab*. oj^a** ever th* pbtfrrra dto, minus th* m«a of pin* over alternative ^ in 
other quadna& T?ie index cxprsxes (he spatial place preference and control* fox 

ewsen pool qaadroat forall five sessions of training. At the end of the ^tittoit. jSa 

av^teymaneowi locomotor expktntioa. Behaviooral dab andued using a 
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Analysis of pAPP and amyloid burden In brain 

^^fS^JL 2 ^^ 1 ifltevals W one cerebral hemisphere were immune 
ttorf with Dab 6F/3D flnb-Ap moudma! antibody to revues fl-17 (which it 
primarily rtactrro sgainrt fJense^orcd plaques) with 4GB W or with eer* from 
OTmirnbed mice* and ayunteret^M wtthhfleaiatexylin and resin mounted * described 
(MAC el minuscrtpt to preparation). For some samples the formic-acid treatment 
step WW omitted. End producti wt* vSfiualasd with dXaminobenaidinB, Anrybid damn 
burden was aafiased utfng Leco IA-3M1 imag* sofW toterfc^d with a Lto 
jntooseope oad a Hitachi KP-M1U CCD video camar*. The qnantjtativB anjh^ wfl fl 
performed at of X35 magnification, and tta Image frame and guard sia wu set to 
^6^479 (307,200 nm») fer each slide. The brain area (cort^tthrppo^u*) v*s 
owlmcd using tho edit phi* fUactjOji> tod the area and number of plaquei in the outlined 
strncture were recorded, Dsta wxa pooled fox afl three sections. 

Cerebral A£ levels wars assayed from bltnic-acdd-evtruted^^ bcnu» > braln sacrose 
htoogciato nsin* an ELISA method (sc* 3n^errtarK InWtfion) b which Afl wj* 
topped with cither monoclonal antibody to A(s« (]RF/cAb4Q/lD) or AB« (JRP/cAb«/ 

^mIh^!^- 7 T °P dnjIsed * Ap ^ the range of SO to 

800faoJ»r f 5pAa^an report 

AP per rag total proteio (determined wi* the mo&d DC proteEs msw), based on 
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%cd»atiwi5 with amyioid-P peptide (AB) can drtrnioticaJhr 
reduce amyloid dmositkm in a transgenic mouse 
Alzheimer** diseased lb detsrmitie if the vaccinations 
terioas or beneficial functional consequences, we t 
months of vacdnntion in a different transgenic 
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^dnations with axnyloid-p peptide (AB) coa druoatkaUy 
«da« amyloid deposSlion in a transgenic mdose nWdd <tf 
AJJeimer's disease 1 , lb determine if the VBcdjiationa Sd dele- 
terious or beneficial' functional confieo^enp^ we tested eight 
months of AP vaccination in a different transgenic mjodd far 

irimTnrltmf nrl MM mmt ,, „ , | 
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Alzheimer's disease in which mice develop learning deficits as 
amyloid accunmlatc^ . Here we chow that vaccination with Afl 
protects transgenic mice from the learning and age-related 
rafimory defidts that normally occur in this mouse model for 

d ^ D ^ to texedov* 

enacts of the vaccine, all mice performed superbly on the radial- 
arm wsteMnaze test of working memory, Late* at an age when 
nnmated transgenic mice show memory deficits, the Afl-vacci- 
i^d transgenic mice showed cognitive performance superior to 
that of the contra! transgenic mice and, ultimately, performed as 
wen as ttontmnsgenic mice, The Afrvaccinated mice also had a 
partial reduction in amyloid burden at die end of the stony. This 
therapeutic approach may thus prevent and, possibly, treat Alz- 
heimer's dementia. 
Tne accumulation of fibrils formed from the A0 peptide into 




I 




RBore 1 RadiaJ-arm water^naze performance In vaccinated transgenic and 
nontranBcenic mice, a, Nontramgsnlc mfce (circles, solid Ineah transgenic mice 
vaccinated with KLH &um, dashsd IteJ, and transgenic mk» racfnated wffi A0 
(Wangles, dotted (tnes) rare tested in the ndH-arm water maze at 1 1 .5 montfis or age 
(after five mooilattons). Afl groups learned (trial 4) and remembered (trial gift pfattom 
location at thta tirns potm h the rame mice at 1 5.5 months afageaitne iwutetiora: b) 
the trBftscenlo mfca vaccinated m Ap continued to show teaming and memory of ths 
Plata location, whereas the transgenic- mice vaccinated with KLH tailed to show 
taming and nmnwy forpfatfonn location en otther trials 4 or6 fp< 0,ob, ~p < 001 ; 
^sOTcanttydffferem 

TTte tenant of vacefnaflon was found in both (tie APP-enly and APP+PS1 transgenic 
micB (e), wtth Sgn?!5cannV fewer errora on trtal 5 h the Ap-vaccfnafed groups ^olld bcr^ 
than In tfio KUf vaccinated aroup (open bar^ of both genotypes (*P< 0.03), Included for 
comparison la the trtal 5 performance of aiwther croup ftafifad bars) of untreated 1 5- 
16-montJhcW transgenic mk» that were tested separately, and am reported on ft* 
ebmhenr. 
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tojtoid plaipies is a defining characteristic ofAizheWs disease 
CAD). The Ap vaccination protocol described in red 1 reduced AB 
dtp***, which suggested that this approach mi^t benefit AD 
patents. However, the functional consequences fl such vaccina- 
tions might be deleterious. For example, plaqu^assteated inflanv 
nwuon promoted by the immunization could inter^ with normal 
warn f^oaing, and/or lead to degenerative changes in the 
bram . We used a novel working-memory tesk that combines 
elements of a radial-arm maze and a water maze, Thte radial-arm 
Wto maw is remarkably robust at detecting kajSng/memory 
deficits that develop in AD transgenic mice* and mire efficient in 
sample sue requirements than other memory tasks typically used 
for rodents 1 . ' 

lb test the possibility that vaccinations might ca ise premature 
memory defidts in AD transgenic mice, we assessed learning/ 
memory performance in the mice at 11.5 months o : age after five 
inoculations with Ap or the control vaccine, keyhole limpet haemo- 
cyanin (KLH). AD mice showed strong learning and memory 
capacity, irrespective of treatment or teansgene status {Fig. la), 
AO groups averaged three to four errors on the tint trial as they 
sought out the new platform location for that day, bu t averaged less 
than one error by trials 4 or 5, demonstrating Stect working 
memory for platform location between trials and curing the 30- 
min delay before trial 5. This strong performance by Ap^wdnated 
mice indicates that any inflammatory responses caused by the 
vaccine were not deleterious beh&viourally, 

Monthly inoculations were cdtotinued until the nice were 155 
months, when these mice were tested again in the rac ial-arm water 
maze. At 15,5 months the KLH-vacdnated transgenic mice failed to 
demonstrate learning or memory of the platform location; their 
performance on all trials was the same (Fig. lb). This is identical to 
the performance of other untreated transgenic mice !hat had been 
previously tested in this learning task at this age (Fig, lqre£3),In 
contrast, the Ap -inoculated transgenic mice, although 1 lower to learn 
platform location than nontransgenic mice on trial 3 ( Fischer's least 




Flsure 2 Amytotd pattiofogy In transflgnfc mice vacctoed vwi fd_H c 
Inmunohtenchemiary for Ap in frontal oortox is sfowm in (WJtvaaitete^ (a) and 
(^-vaccinated) ft in transgenic mlce^ values Marto tta msanstttown In R9, 3c 
Congo-red seining is shown m (KUfl (c) and (Aft (d) m mica wfth vatuife competing 
to the means to Rg. 36. Horteontal sections are oriented wftb (he corpS calksum to the 
fewer rtotn comer and anterior tofts top, Scale bar, 500 jun. 
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jj^caBtdiffmiice (LSD), P < 0.02), wer* nearly flawless by trial 
f' «* P»fonned agniflcanily better than the KLH-vacdnated 
n^onboth trials4ai,d 5 (multiple analysu of variance, 

^P ectl 7^. gemc group different from both other 

groups ^Fischer's LSD post hoc comparisons, P < 0.05 n trial 

J£if < °f V* 4X131 5) ' ^ Nation ofthe 

perfonnmce of the two transgenic genotype* made it dear that 
both APP-onh/ and APF+PSl transgenic mice benefited from the 
A£» vaccinations (Fig. lc). 

Serological analyrii indicated that mice injected with AS devel- 
oped antbodles against the A^ peptide. Very high titles were found 
inootii transgenic and nontranagenie mice immunized with AS 
? Q ?* = 2 l'°2P * and 48,000 ± 18,000, respectively; not 
significant). There was no anti-AB activity in the JOH-immunized 
tr^genk mice, untreated transgenic mice, nor nontnnsgenic mice 
at find dilutions of serum down to IU6, indicating that transgenic 
mice d»d not spontaneously generate an antibody reaction to AB 

Immunization with Ap caused a modest reduction in Afl deposit* 
in the frontal cortex; with a significant reduction in the Congo-red- 
stamed area of APP+PS1 mice, and a significant reduction^ the 
Ap-namunoatained area of APP mice (Kg. 2 and Fig. 3). Reduc- 
tions of a similar extent were found in hippoc«npus. We also 
quantified immonostaining using AB40- and AB42-spedfic anti- 
sen, both .of which exhibited the same modest reductions found in 
total A [J immunostaining. We suspect that with a larger sample 
aae, statistically significant partial reductions would be found in all 
these measures consistent with other recent reports 9 "". In general, 
the percentage reduction in AB deposition was greater In the APP 
mice than the APP+PSI mice, The absolute reductions were greats 
however, in the doubly transgenic animals. The APP+PSl mice 
already had substantial AS deposits by the time vaccinations were 
initiated". Further studies will test whether beginning vaccinations 
at an earlier age, or combining vaccination with other Afl-lowerfnj? 
fcwtmeats, will result in more complete protection from AS 
deposition, and improve the cognitive performance of 15- 
months-old transgenic mice even further. 
Our most important finding here is that AB vaccination protects 
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compared 
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transgenic mice from developing memory deficits 
^immunized (control) transgenic mice. But bow un 
toe learning paradigm in discerning these diflfo^U 
found that in using the wference-mcrnory version 
m mice of this age (15.5 months) have deficits in e* 
but not retention on the probe trial 5 . Thus, the mor? 
working-memory version of the water-maze task may be 
detect sucb.di&rences. Similarly, a spatial task would net 
function of hippocampal and, to a leaser extent, cortical 
the locations where plaques accumulate earliest and to 
extent in these mice"" 14 - 

Tins vaccirution-associated protection from « 
mem occurs in the presence of reduced, but still sun 
deposits. The mechanism by which immunisation wife 
learning and memory deficits is not understood, One 
that the antibodies neutralize A^ in some restricted 
or deplete a non-deposited form of (for example, a 
that is responsible for the memory loss observed. : 
Ap has been proposed as the cense of synapse loss hi A 
mice, as son* transgenic lines develop reductions in 
immunorcactivity in dentate gyms without ' 
deposits 14 . A second possibility is that microglia 
inoculations' can dear the deposited A0, thereby p 
normal cognitive function. This is not easily reconatrf 
relatively modest A0 clearance detected, although 
regional analyses have yet to be completed. Perhaps ei 
that have already developed extensive brain pathology ai id 
deficits can benefit from vaccinations given later in life 
the absence of adverse effects on behaviour and brain 
and the protection of memory functions by the AB ^wv* 
strongly recommend testing of this and related approaches 
treatment and prevention of Alzheimer's disease. 
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Vacctmtlrin pratoeofe 

Mke w» obtained by breeding Tg 257S AFP trattgenlc mice'* with PSi 
towfl«mc mke 17 , resulting in DOtttraiHgefiie, APP, AFP+PSl sad PSl i 
«*ribed bp t» pteviowfy 1 *". Hiuhtt peptide (Bachem) wv 

JTT^-ficeTVpelHBtoitajmgmT 1 then mixed with 10 * PB8 to 
incubated overnight at 37 Control mia* we injected with JCLH 
the same manner. The antigen mspcnrfim was mixed 1:1 with Fretuub era 
and ! 00 injected nbcatsiieouty by an experimenter wbg had&O 
^oural tertrr^ A boo* of the aame material (prepaid fi^Wy) w T 
incomplete FrtuncFs at two weelu and injected Once monthly for the next 

™ ***** ^;? 5S f mi P 5e * «ch ««HJ> was 6 (S male) riontrajii«ci: 

7(4 ^e£»«k> twwfcnfc rict VB«toii«l with XLH. Tb p dm P 3SX 

age. n* second behaviocml twtSng period vw«^« J« months of i 
a^r the itinthvMCboUDD. Mice were kflW at 16 months of w We note 
and rtootrai»gtoic mJce were aho tested far performance to the rail 
6 months of a^e (befere vaecirmtion) and nD ndee performed well 
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Rjjtw a Measyrement of aimrfokf Nstopattotogy after Ap pepSde Immunlatkn 
a, h, fteaas for ihs/W+PSI mice; ^ d, results tor AFfMjn^tranwtfc (nice, A 
signfflcam redixtlon in Conoo-red staftng fn trontaj coto wa$ found In APP+P31 mice 
wccini^w!iftAS(fl^4)ooniparedtDinAPP+PSi mlcevaai^v«tnKW(fl=5;W 

a l Bn ^ h ^ ,TOUr »^^ ^ APf^onV tmnsgsnic mte 
msnatei Ap (n - S} compared to (n KUf^natKiArTinlcew^acd, 
, P < 0.05; ~, p < o,oi ly mt CDC frontal cortex: HC, hippocampus. 
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Experimenter* Were uwvrwt of the experimenta] condJtiowof themfceat 
5T Bg l]? e ^' ^ drtdw P 1 ^ 1 m withdatwim 
ll^^Zf ^ rSd i S !S d °^ ^ ^P* 31 c,Hrt ^ area (dp cm lo diamcterC"^* 
mbmefged escape platform looted at the end o/one of the pnns*". Soatlal 
^ tgnTqn a^and «flSns Of the testing worn, The escape p]«fiSm 
difletem ami ctth day. foreSas mice teU^worWnjniemory tosolyetbt 
BtewereghTntheoppcfftui^tOlcamthetei^to 
four consecjtiv* ac^tloa trial* followed 30 min later by a reten^on tr 
^t^fcemerowijet^lacmea/Tnn* 
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wIp^ thc^^imhtccmdarTOoylBfl^ 
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tnfauogp control pmjps gfttdus&jr improved perform wee es tbry lamed the pmeedms) 
tspects cfthe ts&i racing an *synjptotj£ Uvd ofOJ-l erren on trials 4 and 5. In the 
oyounOTita presepted b«e mice \rac tmnod uatfl tjjs Bonban^cnlc rwdted 
«ymptolie petftmancc 9 djyi it 1 13 trmhtor UdayB«l53raoRete;ltietooT63fhr 
csch mora on A* last two days of testing we avenged ondutedferamlEticilanalysii 
SenMTkBota! tests identified no dlEraoa am6tt^ thisc grocpi b open fiejd UAiviour 
or itoing agility Siting, A5 lu raifici wori^ fill trBusgenk rcia woe impaired 04 the 
bflbnoc beam, 6 defidt observed « eirly w itl mcfilhs of a^. but this defidt wsa not 
modified by A0 Twdttttten, 

B4SA analysis for eonim amftoftes 

Nbetyax^wdl Jmmufan dHHX (OynoO micro plates we coated With the Ap 1-42 
pro^ (050 ngptrWxO) for I h at 37^ They were washed four timei with 045% NaCS + 
(W5?b IWceji-20 (wvhtns l^fci WB). The plate wereb)o^ed with 596 iwn-6t dry milk 
(NH>M) is PBS ovcntlghc at 4*C and washed the fblbwing day, Move (erum was 
pre^redla PBS atoA mitial dlhition of l:16aad rabce^ue^ 
All ttaplci woe ran in di^Ucare wd Eneubated (it 37 *C for lb roDpwed by Wtthing 10 
fines Es WB, Plates were blodied asocond time with 5I6KFDM iftfBS tor SO mla at 37*C 
&U0Wed by washing fiv^'ttmea before die addition of no. snti-fDouse CgGKRP-oonjug^tc. 
The BBDimdary antibody was tiatcd l:5|000 in PB3 and teeubated tot I bat 37^ Plates 
vereften washed 10 times In WB and devdoped with W,3-txa»niethy!beTtfidine 
sahstntc (Sipna) pertwtt buffijx (Sigma). The naction wai stopped ^ith 2 M 
Rdplnric acid, PUte were read spectre^otoroemcally at 450 nm. Theanr^APl-tt 
antibody tltw was diftntd « the reciprocal of the dilution of aoteeftt ±u pjoduod S0% 
ofthemniiTniim signal deteaed for that sample. 

Hstopofhofony 

Mice were ©vodoesd with paitobarbital, pertjsed wi(h saline and nVir bniltt rtxeoved 
One hemi^bert WW httincrtiro-ferd in fresh, buffroJ parafermaldchyde for 24 h, 
Ptaen Bcrtiooa wen stained fl» peptides by irtwnmQhistoebernUrry^ w or for Congo 
red. The area of frontal cortex occupied by stain was measured with a Ytfometrie VlSO 

Krera measured using HSI <e$mtntstioa by an experimenter unaware of the subject 
condition. Both stain intensity and area were rncttured* although only areas «e reported 
hero aithliii the cormntioa for Ap deposits ( < am>4oid burden*). Itc resnlti were not 
<rnalitative!y difercm wbwi evaluating area, stain intensity or their pradnrt (total 
nnrnunoreactiviry 1 ^ Data were collected firon equally spaaed horiiontal sections for be* 
ftwttrf cortei (anterior to the corpus cailasurru I? pet coOuse) and hippocamptw (10 pn 
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Cepsaldn or vamHoid receptors (VRs) participate in th'e sensation 
of thermal and inflammatory pain w . The cloned (VRlJ and native 
VRa are noiMdcctrro cation channels directly activate J by harm- 
fid heat, extracellular protons and vanilloid compoum Is 4 * 4 . How* 
evo^ considerable attention h*$ been focused on ldenti Eying other 
dgnallin g p athways In VR acdvation ; it ia known that VR 1 is also 
expressed in non-scnsoiy tissue 1 * 9 and may mediate inf knmwtory 
rather than acute thermal pain 5 , Hero we show that activation of 
protein kinase C {PKQ induces VR1 channel activiy at room 
temperature in the absence of any other agonist We also observed 
this effect in native VRfi from sensory neurons, andphc rbol esters 
induced avaniUoid-scnative Ca 2 * rise in these cells, M< reoyer, the 
pro-inflamniatoxy peptide, bradyldnin. and the patitive endo* 
ennoiss ligand* anandamide, respectively induced one enhanced 
VR activity in a PKC-dependcnt twamigr These results suggest 
that PKC may link a range of stimuli to the activation of VJU. 

PKC is a prominent participant in pain signaffini Ikrgeted 
deletion of PK>€ in mice lfl markedly atteauates thSmal- and 
acid-induced hyperalgesia. In turn* activation of PK&e potentiates 
heat-evoked currents in sensory neurons 1 ,a *. Further, the algesic 
peptide, br^ykinin, potentiates heat responses 11 * 12 , induces depo- 
larization™ and evokes secretion 17 - 19 from vanilloid-sensitive 
neurons in a PBC*dependent manner. However* the molecular 
targets for these effects have not yet been dearly identified. We 
therefore investigated whether these actions ofPKC arenWated by 
VRs. Rat VR1 was expressed in Xampus tesvfc oocytes JndstoxKed 
using a two-electrode voltage damp technique. Treatment with 
12-0-tetradecanoyrphorbol.l3-acetate (TPA) to activate endogen- 
ous PKC increased the amplitude of currents evoked by capsaicin 
(Fig. la.cjtanandamideffig. lb, c).and protons (extracellular pH 5; 
data not shown), In addition, TPA by itself produced a slowly 
developing current (fig. la, b) that was not observed In uninfected 
oocytes (n = 5) or oocytes expressing the NMDA (N -methyl d- 
aspartatc) receptor (n ~ 8). Hiese actions were probaht r mediated 
by PKC because no responses were elicited by the inactive TPA 
analogue, 4a-phorbol {n = 4), and responses to TPA wei e inhibited 
by the selective PKC inhibitor 10 , bislndolylmaleimde (BlM, 
200nM,Kg. lc>. 

Next; we examined whether the current induced by TPA alone 
was mediated by VR1. In these experiments VTU-expreSsj ng oocytes 
were treated separately with either TPA or capsaicin, to avoid cross- 
sensitization. Figure Id shows the response of a TPA-trefl ted oocyte 
to a. series of depolarizing pulses from -80 mV to +80mV. Out^ ' 
wardly rectified currents were evoked that were similar to those 
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